Measurements have been made on a dichotomous virtual LBL-2468 impactor developed by the Environmental Research Corporation.
INTRODUCTION LBL-2468
The elemental analysis of atmospheric particulates by X-ray fluorescence requires samples to be collected in the form of a thin uniform layer on a light substrate. The fact that typical urban aerosols have a characteristic distribution of particle sizes makes it desirable to collect several samples distributed over the size spectrum. Conventional aerodynamic size fractionators in the 1 micron size range generally utilize the well studied principle of particle impaction by a jet on a deflecting plate. 1
, 2
The particle deposits in these impactors are necessarily in the form of an image or images of a small slit or circular holes. The situation is further hampered by particle bounce and blow-off phenomina. A virtual impactor, however, aims at circumventing these problems that are characteristic of real impactors by requiring particles to be 'impacted' through a hole in the deflecting surface ffild be subsequently collected uniformly on a filter.
The EnvirolLffiental Research Corporation has developed a dichotomous virtual impactor with a 2 micron size cut for the EPA.
The object of this evaluation is to determine the feasibility of large scale deployment of such virtual impactors in automated air 2 LBL-2468 samplers for X-ray fluorescence analysis. The size separation characteristics and losses as a function of particle size are to be specifically determined.
DESCRIPTION OF APPARATUS
one seventh of the total flow is allowed through the inner tube Ee Particles which cannot negotiate the turns around the lips of the protruding tubes in part D will be carried dO\tn into the inner tubee The process is repeated in a similar fashion at the lower section of the apparatus where the flow through tube K is maintained at 1~/min. Thus large particles above the size cut at 2 micron unit density Stoke's diameter along with about 2% of the small particles will be collected on filter Ae Most of the small particles will be carried by the main flow at 49~/min and collected on filter B.~ The filter combination is not optimized for maximum sensitivity but rather it yields an adequate and convenient operational level.
With the aid of fiber optics, the stability of the analyzer is monitored by maintaining a fixed source-detector transfer function ,'!hich is checked before and after each measurement by means of a sliding shutter. i) The feed rate of the syringe pump.
ii) The vibrational frequency of the orifice.
iii) The concentration of non-volatile solute. iv)~y void fraction in the residual particle upon evaporation of the original droplet. The average feed rate of the syringe pump is 1.3307 X 10-3 mIlõ i~n an rillS deviation of 0.3% for different syringes. The 144.60
KHz frequency is applied to the vibrating orifice and is continuously monitored and exhibits less than 0.1% deviations. With careful preparation of solutions used for generating aerosols, the overall error on the particle size is probably
In cases \-;here the uncertainties due to impurities is not a dominating factor.
Since the absorption and emission bands of fluorescein sodium partially overlaps, the effect of self-absorption will be very Table 1 is a summary of the percent deposition of DOP on various parts of the sampler and filters for incident particle sizes between 1 to 10 microns. The particle sizes are expressed in terms of unit density Stoke's diameters. They reflect the corrections for 50~g/ml of uranine and 10~g/ml of solvent residue which are taken to have a bulk density of 1.7 gm/ml and an estimated void fraction of 48% from scanning electron microscope observations. The 1.06 micron particles consist of mainly uranine with no DOP.
The size corrections for 1 and 1.5 micron DOP for example are 217;
and 8% respectively. Figure 5 is a graphical illustration of the experimental results. The structure in the loss spectrum is derived from the composite of its various smoothed components. The loss spectrum due to a single contributing mechanism is expected to have a smooth variation with particle size.
DISCUSSION
Figures 6 through 11 are the plots for the six loss regions.
It is observed that for region 1, the peak at small particle sizes is due to the ring shaped deposition around the holes on the underside of part B, as can be seen in Fig. 1 . Such depositions There are no distinct patterns of deposition in region 6; most of the losses probably occur in the slight mismatch to the filter holder.
CONCLUSION
It is obvious that the virtual impactor has successfully collected aerosols uniformly on two filters according to two size ranges.
The high losses near the cut region is probaby intrinsic to the virtual impaction scheme since any deflecting surface will ultimately present itself as an efficient impacting surface at some particle size. Furthermore, the boundary condition at the rigid surface of a real impactor cannot be fUlly realized with the presence of the collection hole. The Gaussian-like pressure 10 LBL-2468 profile across the impinging jet cannot be balanced by a uniform static pressure in the collection volume'. The streamlines \ViII result in penetrating into the hole and be accompanied by a counter flow near the edges should the net flow into the particle collection volume be restrained. It is suspected that in a very confined region where such counter flow cannot be maintained, excessive turbulance will be developed. The development of such turbulance is probably responsible for the high losses at large particle sizes. On the other hand, a significant amount of loss is found to depend on details rather than principles of a virtual impactor and can be eliminated \"i th suitable attention in design and fabrication.
In view of the fact that there will be a significant amount of irreducible losses, periodic cleaning may be required, and the apparatus should be designed for easy dismentlement and high meche~ical integrity. On the other hand, a truly automated sampler should require no maintainance more frequent than perhaps on a weekly basis ..
It is felt that losses may be kept to a tolerable limit with an improved design particularly when it is weighed by the bimodal natural aerosol size spectrum. It is also consoling to note that bounce-off, while being a villian in a real impactor, is a benefactor in a virtual impactor. The question whether blow off or re-entrainment will constitute a limitation can be answered more meaningfully after all reducible losses are kept to a minimum. ---r----,----..-------.....-----,----.....----,--- 
